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NOTICE

When pgovernment drawings, specifications, or other dala are used for any purpose other than in connection
with a definitely related government procurement operation, the United States Government thereby incurs no reaponsi-
bility whatsoever; and the fact that the government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented
invention that may in any way be related thereto, This report is not to be used in whole or in part for advertising or sales
purposes.

ABSTRACT

The development of improved barrier materials for the construction
of flexible aircraft engine containers in conjunction with a newly
developed closure device (DSPS Report No. 76-17) has been completed.
An extensive investigation was conducted on the properties of
flexible plastic laminates and composites for barrier materials.
Flexible containers fabricated from the selected barrier materials
are stronger, tougher, and offer greater resistance to environmental
elements than previous materials, providing over one year protection
without redesiccation. They are easily installed and removed from
the aircraft engine. Field tests are recommended before approval
for production quantities.
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INTRODUCTION

The purpose of this project i1s to develop improved barrier
materials for the construction of flexible aircraft engine containers
of advanced design and characteristics to provide a container with
high strength, greater resistance to the environmental elements and
lower water vapor transmission rate (WVIR) for a storage life of one
year without redesiccation, at economical cost.

The replacement of metal containers (Figure 1) with flexible,
reusable water vaporproof containers (MIL-C-9959, Type 3) (Figure 2)
in the past ten years has made a major contribution to the utiliza-
tion of cargo space, improved handling techniques, and satisfactory
storage protection for aircraft engines. However, theilr deficiencies
of poor o0il resistance, high WVTR, susceptibility to puncture damage
and difficulty of opening and closing the closure devices have pre-
vented their full acceptance by using agencies. TFigure 3 shows a
flexible container installed on TF-39 engine for C-5 aircraft ready
to be loaded on a C-141 aircraft.

Flexible containers developed under contract in 1969 (Figure 4)
and tested early in 1970 did meet the requirements of MIL-C-9959,
Type I (one year protection without redesiccation). However, the
barrier material and closure device were too costly to be acceptable.
Air Force Packaging Evaluation Agency has continued the development
program to obtain a more cost effective container.

This report outlines the history, technical data and procedures
in developing a cost effective MIL-C~9959, Type I flexible engine
container. It identifies the development of a composite laminate
barrier material which is now available from industry, and which
exhibits properties and characteristics to meet the requirements of
a flexible engine container. The development of a satisfactory
closure device for easily opening and closing the container is
documented in PTPT Report No. 76-37. Also, with the successful
completion of the field tests, the barrier material and closure
device should be considered for flexible containers to protect items
such as missiles, ammunition and WRM items. Thus, the goal to use
a less expensive outer container or overpack (not required to be
water vaporproof) to serve for physical and dynamic protection with
an effective flexible barrier container inside can be achieved.
(This phase of the larger program will be covered in a subsequent
report.) The flexible container identified in this report is now
needed for protection of the more sophisticated aircraft engines
such as the F-100 engine for the F-15 and F-16 aircraft (Figure 5

——— — gmoa =
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FIGURE 1. METAL CONTAINER FOR J~57 ENGINE
i FOR B-52 AIRCRAFT

FIGURE 2. FLEXIBLE ENGINE CONTATINER FOR TF-30
ENGINE FOR THE F-111 AIRCRAFT
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1 FIGURE 3. FLEXIBLE CONTAINER INSTALLED ON TF-39
A ENGINE FOR C-5 AIRCRAFT
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FIGURE 4. FLEXIBLE CONTAINER MANUFACTURED FROM DUPONT #264-3-1
BARRIER MATERIAL (ENVIRONMENTAL TEST AT EGLIN AFB, FL)
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FIGURE 5. F-100 ENGINE FOR F-15 AIRCRAFT
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i and 6) that are now being placed in the distribution system. It is
4 important that field tests be conducted on a timely basis.

DISCUSSION

The development prcgram was divided into three phases:

o

Phase 1 - Survey and Analysis of Flexible Barrier Materials,
E 3 Phase II - Selaction and Evaluation of Barrier Materials For
- Containers.

Phase III - Laboratory Evaluation of Prototype F-100 Containers,

PHASE 1 - SURVEY AND ANALYSIS OF FLEXIBLE BARRIER MATERIALS

- The Ailr Force Packaging Evaluation Agency has been conducting
A several development and testing programs relating to flexible

A barrier materials. This has provided a large amount of information
3 and engineering data for use in this project to develop flexible
L % containers, Tables I, II and III provide a summary of characteristics
of typical polymers, plastic films, and composites taken from the
final report of All American Engineering (AAE) Corporation Report No.
AF275-A, Design and Development of Aircraft Engine Flexible Containers.
Tables IV and V are taken from AFPEA/PTPS Report No. 73-1, Water Vapor
Transmission Rates (WVTR) of Flexible Barrier Materials.

From these studies several materials were identified that have
excellent water vapor barrier properties which make them candidates,
in combination with other plastic films, for laminates that will
meet or exceed the requirements of MIL-C-9959, Grade A, barrier
; materials, These barrier materials are identified as Saran, aluminum
T foil and Aclar. It is apparent from their physical properties that
: these materials alone would not make satisfactory materials for
flexible containers, because of deficiencies such as poor heat seal-
ability, low puncture resistance, etc.

bl T, S

.'J, i

The contractual barrier development program with All American
Engineering Corporation (AAR Report No. 475) identified a superior
barrier material; namely, DuPont No. 264-3-1. This material is a
composite of Polyurethane/Saran/Nylon Cloth/Polyurethane/Saran; the
thickness of the material is 0.35 to 0.40 inches. Outdoor exposure
tests at Eglin AFB, Florida with containers fabricated of the DuPont
264-3-1 with a Talon Type O.E.,B., Size 86 metal-tooth zipper closure
 , (Figure 3) and desiccated according to the requirements of MIL-C-9959
L gave over one year protection. (The environment inside the container
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FIGURE 6. F-15 AIRCRAFT
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TABLE It
et 19 L)
BARRIER MATERIAL TEST DATA
Revived 4-3.70 Sheet 1 of 3
WVTR _
After Room
MIL-L- (Prelim. Temp Flex After
1808 Unexpoe Low 1
Manufacturer Heat Resiatance [and Befora| Alter Temp Weight Cost ]
Designation Material] Sealable | (Prelim} Unllexcd Expos.| Expan. | Flex Comments « Other Test Data Color cn/ydz ilyd2 3
160°F |A.None] 0.02 ] 0.03 ] 0.20 Blue 2 i
Specilication Preferred] 72 Hrs. | B.None} 0,05 0.07 0.28 No. 19045 49.6 5
Allison/Morgan | PYC/NY/] Yes Unaat, 0.1 Discard duetd Green ;
PVC Uneat Oil Res. Blue
NAVAN PVC/NY/| Yes Uneat, »>o.1 " Light
PYC Blue
GE/NAVAN PVC/NY/] Yes Unsat. > 0.1 " Dark
PvC Blue
Chemical Rubther 4
No. 2598 NEQ/NY4 No Sat. & 0.05] See A Tear Strength Low Qrange 2241 8 ;
NEO Chart {18 VS 45) - !
No. 21482 PVC Yes Sat. {?) Unsat. Discarddueto] Tear StrengthLow] Yellow 9.0 o
High WVTR {13 VS 45) 1
Dow ’:
No. P24131u9{ EVA Yeo Unsat, & 0.05 Suitable for Clear I
Fum : Laminate (?)
DuPoat T ,
No. 72.020 HYP/NYA No Sat. > ol White ! 4
HYP 1
No. 236-139-1HYP/NY| Yes Unsat, Discarddueto White 17,9 l
Saran/NY Unsat Fluid R 1
Resistance o
No. 236-150-1 " Yes Unsat. " © White 28.8 LT b
No. 236-151.2) " Yes Unsat. p White 20,8 7.1% b
No. 236.162-2VI/NY/ Yes Unsat. L Blue
Saran/Vi
No. 2)6-162-; " Yes Unaat. » Blue
No. 88.010 BUTYL | No Unsat, * | <€ 0.0% (0 '
0 ’Se: Cht. !
No. 236-109-{HYP/NY/ Yes Unsat.  [|See Cht, @ White '
HYP
No. 236-178 .2 P'ane/ Yes Sat. < 01 £ .0l Suitable "A" Blue 28 [ T
1 NY/SA
- No. 236-175-Y5SA/P'ane! Yes Sat. &£, .01} <& 0! Suitable "A" Blue 27 8.00
! NY/SA
3 No. 236-175-4/SA/Fane/| Yes Sat & 0 .01 L .0h .12 | Suitable "A" Blocking & Flame Blue N 10,00
: NY/SA/ Reaist. to belmp. I
Plane
¢ No 236-181-3/1P'aneNY] Yes Sat. < .01 : Suitable "A" Blue 22
: SA (.002)
No. 236-181-2AP'ancNY4 Yes Unsat. > Iy .2 Blue 20
SA (.002)
R No. 236-195-2[SA/Pane/’ Yes This sample IL an improved #236-| Bilue n 10. 00
E k NY/Pune ! 175-4 never t§sted. Superceded
* by #264-3-1
9 _ No. 264-1-1 |SA/Pune/| Sat. Sat. - (<0l ~.02|c.0 TR a1 YT TN Blue 1 10. 00
81 NYSA/ "MIL-0-6081 Sat.
1 P'sne MIL.C-6529 Sat.
Y Joanna-Weatern
i No. | PuneNYA Yes Sat. P o Unsat. Unsat. | Suitable for At U,S, Testing Rlack
- P'ane S Laminate(?) Lab
: » No. 2 P'ane Yes Sat Black
* Film ]
; John Royle
{A.Brown) PVCNY/
Pey No, 1292-2%2 | PVC Yeo Unsat. Blue
Eo=, Ludlow | ]
!: ", . (Marvellum} AL/TyveN Delaminates
& ¥ Marvelgard Pene/ Bally after
;'(g No. 82 Ny Comp/ No Sat. ; Unsat. | Flexting Silver 1
N Reaves 11
No. 25411 PVCNY/| Yes Sat. 7 0.2] Uneat. B Imp. interim| At U.S, Testing Blue 19. 4 N P 1
™ PVC Pee Cht. material for [ Lab :
Sl Tinker
1 No. SW-99% |Tedlae/ | No Sat. 7 0.2 Lab sample Grey Q
¥ NY/NEO ‘ only. Super- '
—:3,._. ceded by No.
N ! 15423
” No. 1342} @ No Sar. 0.2 Suitable for White/ !
) ¢ | Laminate Black
3 Morgean Film ? N/K No < 0. oy V. emsll White V Low
3 See Cht. sample. Suit-
4 able for lam-
inate.
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§ - " “" TABLY 111 (Cort'd. )

BARRIER MATERIAL TEST DATA

Sheet 2 o )

WVTR

After Room

4 MIL-L- |Prelitn.|  7emp Flex After
7808 Unexpos Low 1
Manufacturer Heat Resistancefand Hetare | After Temp Weight Cost
Designation Materwal  S-alable (Prelim) |Unflexrd Expos, | Expos. | Flex Comments Other Test Data Color oz/yd S/ydz

160°F | A.None| 0.02 0.03 0.20 Blue 3
Specification Pretrred 72 Hrs.| B.None| 0.05 0.07 0.25 No. 15045 49.6 7

AFLC Pig. lab i
No. 1 010 g, W i :
Plane
. 001 Atuth. ‘
ol E
0w Small Lab
= . {Planc I Sat 1% Sample Black b
No. 2 .010 BFG 3
Plane ' 3
. 00! Alu ¥
Foil
. 010 BFG Small Lab
Flans Sat Sample
No. 3 .10 BEY
Flane
.00t ALY
Foil
Ripetop
Nylon g
. 010 BFUS More sarm-
0 P'ane Sat, B A ples req'd.
i No. 4 THmTw
Plane
1001 Atet
alized
Polyeeste
Ripstup
Nylon 4
L0100 I, WL a Small Lab 4
. P'ane B Sat A <.o5 Sample Black B
No. $ .0l0
Plane
f MIL-B-1
. 010

e

3 -

3

P

AAE | Reeves

Den, Pol, Lamination using 4
| [ _ detylene]  Yes Sat > .2 Unsat. Thiokol 390 ADH
AA Chen i
3 Rubber 1
¥. #2598/ : 4
e ___|Pane | Yes Sat .2 Unsat. A
. AAE ¢ ltreves | )
15423
Chroinal S
1370038 | Yes Sat. < 0110l Suitable "A" 4
AAE 04 Reeves
16423 1
J.w, :
P'ane
» . 005" Yes Sat. p Unsat. :
AAE #5 1w,
4 P'ane No R, F. 3
3 NY/IM
Scotch

Puck
Type 20 Heat Sat < .01l .o Suitable "A' g 4
AAF v Chem 2
Rubber 3
21482/ | NoR.F,
M Chem Rub,
o Scotch mat'l very
- Pack difficult to

. ) . 005 laminate
k) Plane Heat Sat Unsat abaa 200°F] i
L e AAE #7 Chem b
8. Rubber b
i 21482/
L .010 EEA
Dow/.0u%
e ?"‘"' Yes | Sat Unsat "
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TABLE III (Cont'd.)

BARRIER MATERIAL TEST DATA

Sheet 3 of 3
WTVR
After Room
MIL-L- |[Prelun.| Temp Flex Alter
7808 Unexpos Low
Manufacturer Heat Realstanceland Belfore |After Temp Werght Coat
Designatinn Material}Sealable | (Prelim) [Unflexed Expos. | Expos, [Flex Comments QOther Test Data Color tu/ydz ”sz
160°F  |A.None{ 0.02 | 0.03 | 0.20 1 e '
Specification &’n[errcd 72 Hre. [B. None 0.05 0.07 0.25 No. 1504% 49. 6
AAF #8 & 9 Reoves M
p15423/
B MScotch
ack/. 00
P'ane Yes Sat Sat < -0l Suitable A" | Lamination using .
Thiokol 390 ADH E
; AAE #10 oto”
E'ana/
Y/6 Mil |
Plene/ .
olo .
Plane . Yes Sat Sat B I Suitable "B" 4
: {Dow PZ-
i ' 4333, 27)¢il
| CR— t l| 3 Mi rnl l
G . J V
AAE N1 010 Poly i I
NY/IM :
Bcotch
Fack/.0!l '
Poly Yes Sat - 01 Gelbo Flex | L
' . ' under power
. i for Nexing * ;
AAE #12 sarrw.' Yes | sat o1 A
P'ane | i .
MY/SA | ! ]
i |
' . !
. | | '
! . 7 ;
' o e — r— - f_"" - - - - - — +—vv-- D R i e TS S —— - .- -
| g , 1
; l l
' 1
3 H 1 B
1 l } ' ' y i
- ! i
] :
& !
I.A : t
1] 1 1
» 1
o i
{
W
¥
- '
=]
S NOTE:
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did not reach above 40% RH at 73°F.) The same container desiccated
according to the requirements of MIL-C-9959 exposed to an environ-
ment of 807 RH at 80°F in a humidity cabinet gave over one year pro-
tection. The high cost of this barrier material of approximately
$§16-18 per square yard, and the high cost of the Talon zipper closure
of approximately $8-10 per linear foot prohibited its adoption for
production use. However, this container (DuPont 264-3-1 barrier
material) has been adopted as a base line for selection of design,
barrier materials, and closure devices.

A search for a more economical barrier material and closure
device was conducted. The Global Chemical Systems Corporation,
Gardena, CA, approached the Air Force regarding polyurethane covers
for aircraft jet ergines and helicopters. At about the same time,
the Army Aviation Systems Command (AMSAV-QMP) consulted AFPEA on
flexible containers for helicopters using polyurethane (not poly-
urethane/saran), and the possibilities of using MIL-C-9959. Based
on AFPEA's studies, advice was presented that polyurethane alone
would not have the barrier properties necessary for long~term
storage. Subsequently, the Global Chemical Systems Corporation
submitted a composite laminate of Polyurethane/Saran/Polyurethane
(approximately 0.020") which they developed under AFPEA's guidance.

Throughout this time period of several months, several industries
submitted selected plastic laminates for evaluation for flexible
engine containers. These materials were evaluated for WVIR; the
results are presented in Table VI. The Global No. 4051 laminate has
very low WVIR and other desirable properties as listed in Tables VII,
VIII, and IX. However, several other materials also had sufficient
barrier properties, along with other desirable characteristics, and
were therefore included in Phase II, Selection and Evaluation of
Barrier Materials for Containers.

PHASE IT =~ SELECTION AND EVALUATION OF BARRIER MATERIALS FOR
CONTAINERS

The barrier materials in Table VII were selected from Phase I
for container evaluations during Phase II., MIL-B-131 and DuPont No.
264-3-1 were included in Phase II for base line criteria and not
necessarily considered as barrier materials for aircraft engine
flexible containers.

The WVTR evaluation of the barrier materials as containers was
conducted according to a modified Federal Test Method Standard No.
101B, Method 3030. The modified test method procedure 1s described

15




TSR T e ey

be

6566-0~TIW 03 buTpPaoDOY paxald OqIoo pue pPIby sa
“H'Y %56 32 J,00T - I93S9L TTIMASUCH UO PI3IoNPuod WIAM &

YD ‘euapaen

L90° #90° zLo” pEO" 90" 190° 590" vs0° 1L0° “ouy ‘swalsis TesTwsyd Teqors
1SOb# TeqOTD
980" 090" vZ0° Z10° S00° £00" S00° £00° v00° (butxoed uoTAN) Te1-9-TIW
¥H CaxoyfTod
169" 062 €60° GET" zzo" 00€" 920° 120° L00" *dIol moTpnT

ZL Pieg [aATel

HO ‘PpueiaasTd

SS0° 1 £86° 99Z" 970" T vee: ¥91° 50T 060" *OD TedTWwsYD YoTIPOOD *i°d
suatiyzaitod

P33BUTIOTYD - Y21apoon

X1 ‘uoc3snoy

080° TL0° 8L0" L8O" oLO" z8o0" 1L0° 801" ovo" cour o) ukioz3zTIo

M/d G8# UATO3ZITID

HO ‘PUBTSASTI

$90°1 8L1°2 506" 500- 910" €00° ot10° Auedmol wel uestIoay
¥IOJE DML

283984 JOOL UR] UPdTismy

AN ‘MIOx MmoN

£€80° 6L0° 6£0° 0£0° Auedwop szayloIg SoAsdy

£L08T¢# 34bT1 I9A0D - SPASEY

¥D ‘opunbasiyg

[s]0} 2 couy ‘yedoatauz

S400ST - yedoataug

¥D ‘ocpunbesTz

88¢€ " 6E% " 1 96¥%" f4: 1 €LE" zot” 00¥% " rouy ‘yedoitraug

(11 ediy 'G566~2-TIH)

SZETH ¥wicatauz

120 "ucabuTHTTM

SE0” ovo- €90° LOT" 0L0" Avedmos Juogng

T-E=FOC& JUCI

16

X eic) 4 aIov »sJIOV ecial-4 »xqIOY aaov X Teicia) 4 eicia) 4 »xQIOV aIov »» 03OV qIov

JON LON LON JLON LON LON TNTYALVN JITdavd

SIXT1d OF1ID 000Z SEXTIA OFIID 000T SIXTIL 01T 0GOS SIXTII OgTIID 001 SIXTIJ OFIdD 0T ONIXTIJ OF13D ON
#SUNOH ¥Z ¥3d STHONI *OS 00T dId SWYHED

STVINIALYW QILVNIWVI ¥ATNVE QALDTIIS NO
SALYY NOISSIWSNWVIL HOdVA HILUM

IA TI9VL




z$

S-%$

09°0$

0S°T~-SL°0$

£-2$

€-T$

auaT4yla41od A3rsusg YSTH/WIIdS uoTAN/ueTAylradrod L3Tsuad ys8IH

wcmSumu:%Hom\cmumm\wﬁmsuwu:hﬂom

uoTAN/TT04 wnutunyy/3uaTiyiaLyod

UATang/Trod WNUTWNTY/YIOTD uoTAN/3uaTLyrafrog

QuaTAYyla4LTO0gd PSIBUTIOTYD

1104 WnuIUNTy Areal/auaT4ylaLiod

weoj auaTAdoadLTod/IeN ssels/auatdinqLrod

BI€S/YloT) UOTAN/®pTIoTy) TAurakiod

ueieg/auey3laind1od/yiord uoT4AN/ueies/aueyzaaniyog

M/d S8# ULATO3IITIDH

LGOh# dion sme3sLS
TedTuwey) TeqoTD

3uroen uoTAN
I€T-9-11IK

Tl PIER) TRAIEK
Auedmopy unyyaAIER

2UaTAYl1a24T0d P3IBUTIOTYD
Auedwo) aeadpoon

}203s aqnl @°3sedyjoo]
Auedwon uen uedtasmy

tL08TH#
Y3TT I2A0) -~ S9A93Y

LTZT# >edoaraug

T-€-¥9C# - 3uod na

(QILVNILSH)
*ax °dS/1S0D

NOILOMYLSNOD HLISOJWOD

STVIYILVH

STVIVILVH YIIT¥EVE qILOTTIAS 40 NOILISOJHWOD

IIA JTEVL

(¥}

o,

T N B
Al

™o




N

b e

e

P230NpPU0OD UIAQ JoU IABY J,€//HU%0S PU®B J,08/HE%08 I® S3IS93 MIAM ULy

] ememe—— 090°0 9aNSOTO YITA xTSO%# TeBqOTD
€00°0 600°0 820°0 2ANSOTO INOY3ITA TSO¥%# TeqOTH

900°0 600°0 0Z0°0 9INSOTD 3INOYITM
(3upyoeg UOTAN) TET-4-TIW
S00°0 ST0°0 080°0 8INSOTO JINoY3ITAM Z/ff pae) Ta2A1el

0T10°0 z20°0 00T°0 2INSOTD INOYITM 3UITAYILT04
P23BUTIOTYD - YOTIPOOH

200°0 8TO0°0 0S0°0 8ansoTo
INOYITM M/d G8# UATOIITID

600°0 £€50°0 0S0°0 2INSOTD INOYITM NO031S =3gny,
21sedyjool ue) uedTISWY

600°0 %20°0 00T"0 2InsoTo INOYITA €£/08T#
Y31 I2A0) ~ S9ADIY
600°0 Se0°0 %01°0 2INSOTD INOYIIM /£ZZT# Nedoatauy
£00°0 6€0°0 0S0°0 2aNnsoT2 InoYyitm T-€-%97 3U0qng
1.E€L — I %0S 4,08 - HY %08 d,00T - HY %S6 SYIANIVINOD SV SIVINAILVK ¥IIy9vd

LV SYH %7 ¥3d SAHONI "0S 00T ¥dd CWvED

(QILVOOISAA ION) SYANTVINOD TISIXAIL 1004 DIEND ANO SV

SIVIALVA d3198vd NO
SALVY NOISSIWSNVYL 4O0dVA ¥IIVM

ITIA JT9VL

10

. Tl e S T T

v

el

-

-



*a8r103s pue Jurddrys fIsUTRIUOD “6G66-d-TIW “9°Z°G°H ®IRd 03 3UTPIOIOR POIONPUO) xx

*(V-6LZ 4V 3r10day "I°V'V) 11 ‘4dvV uTI[89 31e saoop
-Ino uoT3de301d Ie9L PUO I3A0 PABZ SINSOTO UOTEL YITM IBUFEIUOD ,§ X ,Z7 X ,T

- T-t-%9C# 3uodng «»

—_— S — 90°0 -— - -— — yadueg , 47 2ansold YITM
€00°0 600°0 €0°0 _— —— —-— —— 2aNnsSOT) INOYITM
Jaurejuo) 3004 dFqn) sy
=== - == %€0°0 %600 £90°0 L0°0 TeTaIL23® 3I83d¢YS SV
TSOv# T®9OTD
€00°0 6€0°0 S0°0 —_— —-—— — —-— 2ansSOT) JINOYITM
I2UTR3lUO0) 300§ DIqn) SV
=== == - 6€£0°0 90T "0 SE0°0 L0°0 TeTaalel 3=993ys Sy
¥T-t-%9¢# 3uodnq
HY 20S HY %08 Hd %56 SEXA1a XA14 SIXI 1A X413 TVIYALVH Y4194V
d,€L 4,08 4,001 00T ON 000¢ ON
4 YANIVINOD 1004 JI€ND INO SV ¥ xddOV xxTIATIDIY SV

SYH ¥Z ¥Ad SAHONI °*0S 00T ¥Ad SKVID
SYANIVINGD ANV TVIYAIVH 1HFHS
STVINILVK ¥WITYIVE TSO%# 1vdoTd ANV
M T-€-%9¢ 1NOdNd J0 YIAM HHI 40 NOSTUVAWOD

X1 319VL

N
|2
£
¥
£
s
ey
%

19

R

. T8 AT

.

oy WA,

A,

e

e

T R T TRU e 0 SV




in the Appendix. This method of testing barrier materials as one
cubic foot containers (Figure 7) is being used as a tentative method
for obtaining more meaningful data in evaluating barrier materials
(including closure) for long~term protection.

Two types of tests were conducted using one cubic foot containers:
(1) WVTR without the use of desiccant and (2) specific protection
period per MIL-C-9959 (Para 3.4.2) using desiccant.

i&a Table VIII is a summary of the WVITR of the selected barrier
materials as one cubic foot containers. The Global one cubic foot

d container without a closure had one of the lower WVTR at the various
humidity/temperature levels. Table IX shows a comparison of the WVIR

] properties of DuPont No. 264-3-1 one cubic foot container and Global

F No. 4051 one cubic foot container. The values for the sheet material

' are approximately equivalent. Comparing the one cubic foot containers

without closures the Global No. 4051 container has a slightly lower

_ WVIR than the DuPont container. The Global container with the 24"

;f length extruded polyurethane closure is approximately equivalent in

jf WVTR to the DuPont No. 264-3-1 container without a closure. Since a

1] 2' x 2' x 5' container (Figure 7) made of DuPont No. 264-3-1 barrier

material and a Talon metal tooth closure exceeded the one year pro-

tection period specified in MIL-C-9959 (Type I container) during

outdoor storage at Eglin AFB, Florida (AAE Report AF275-A) without

redesiccation, it can be assumed that a flexible container constructed

of Global No. 4051 barrier material, and the extruded polyurethane

closure should exhibit the same one year protection under similar

conditions.

¥ The data in Table X further indicates that a flexible container
manufactured from Global barrier material number 4051 and the

; extruded polyurethane closure device will meet the specified protec-
& tion period of one year without redesiccation as required by

" MIL-C-9959, Type I container. This table shows the results of a
simulated test of one cubic foot containers using 10% of the desiccant
required for a one year protection period. At the end of 37 days,

* the relative humidity in the container had reached a level of 31%.

] A By extrapolation it is estimated that the time required to reach 407
& RH would be 60 days. Based on these results with 107 of the desiccant
specified, it can be further estimated that with 100% of the desiccant
required by MIL-C-9959, the container will provide over 1-1/2 years

of protection.
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FIGURE 7. EXPFRIMENTAL PROTOTYPE CONTAINER

UNDER TEST AT EGLIN AFB, FL
(DuPont Barrier Material 264-3-1
and Talon Metal Tooth Closure)
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furnished AFPEA a con-

cal Systems Corporation
used

(Figure 8). This container was
d closing the closure device and

lower temperatures. The closure

The Global Chemi
tainer for the TF34-100 engine
to check out the ease of opening an

the flexibility of the container at
devices were easily opened and closed at room temperature. The con-

tainer was placed in a cold chamber at 32°F, After 24 hours, the
container closure device was opened and closed with moderate effort.
device became more rigid, and difficult to open

At 0°F, the closure
and close. At -32°F, the closure was not operable; however, the

closure or the container did not fracture upon bending. These
results were considered acceptable.

a taut condition.

then jnflated with air to
oom temper-

ndition for over three months at T
over this period of time.

The container was
1t remained in a taut cO
ature showing no leakage
£ the physical properties of the Global
ds were selected that were
ted plastic film. MIL-C-9959 test

ported film, and only those
ted plastic

Table XI is a summary O
No. 4051 barrier material.

appropriate for a non-suppor
requirements were originally for a sup
test requiremen opriate for non-suppor
film were used. both test requirements of MIL-C-9959
and other test d for comparative purposes. The
test results VW iting MIL-C-9959.

ts that were appr
iIn a few tests

requirements were use
{11 be used for consideration when rewr

PHASE 11T - LABORATORY EVALUATION OF PROTOTYPE F-100 CONTAINERS

flexible contalners designed according to Global
Envelope, Engine Protective

Twenty prototype
(Figure 9) were procured for

Drawing Code 1dentification No. 5403,
Qutline and Mounting for F-100 Engine
field test and evaluation.

The First Article £1t and function test was conducted at Pratt
& Whitney Aircraft Corporation, Hartford, Connecticut. The assembly

of the flexible container to the F-100 engine was performed easily,
device was close re without auxillary

d by finger pressu
tools. The performance of the container through the First Article
fit and function test was satisfactory, and the test jndicated that
in field use the container should perfo

rm excellently. Dimensional
changes for improved fit and desiccant pouch relocations were made.

100 engine without the cover that was used
ure 11 shows the

during First Article fit and function test. Fig
polyethylene foam sheets installed over the engine for physical pro-

tection from dropped items OT hail stones. Figure 12 shows the top

Figure 10 shows the F-
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FIGURE 10. F-100 ENGINE MOUNTED ON HANDLING DOLLY

FIGURE 11. POLYETHYLENE FOAM SHEETS INSTALLED
FOR PHYSICAL PROTECTION
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half of the container installed. Figure 13 is the container
completely installed and supported by the hoist. Figures 14 and 15
are a close-up of the closure device. Figure 16 shows the container/
engine assembly mounted on 4-wheel trailer ready for transportation/
storage.

The twenty flexible containers for the F-100 engine procured from
Global Chemical Systems Incorporated were received in December 1976.
It was noted on removal from the shipping container that the flexible
containers were cracked completely through the thickness of the
barrier material at the corner of the folds as shown in Figure 17.
The containers averaged three to four cracks per container approxi-
mately 1/4" long. The containers were repaired using the patching
kit that is supplied with the flexible container. The cause of the
cracks was attributed to the method of packaging and the rough
handling (shock and vibration) experienced at subzero temperatures
during transportation by truck from Los Angeles, CA, to Wright-
Patterson Alr Force Base, Ohio.

To evaluate the effect of low temperature a folded container was
drop tested from a 3 foot height at -20°F, The container cracked at
folded corners of the container. A change in the packaging require-
ments will be made in MIL-C-9959, Container, Shipping and Storage as
recommended (see Recommendation).

To evaluate the need for a pressure relief valve in flexible con-
tainers to provide possible relief of expanded air at 160°F and to
provide for incoming air at lower temperature (to -65°F) a container
with some free container surfaces (extra container material) was
closed at 72°F. The container was conditioned for two hours at
160°F and examined; then conditioned at -65°F and examined. It was
observed that sufficient free container surfaces were present
indicating only a small expansion occurred at 165°F and only a small

contraction occurred at -65°F.

e e e
. -

o Thermodynamically, the enclosed gas experienced constant pressure
. volumetrical change as a consequence of the temperature change.
According to the ideal gas low PV = nRT (P-pressure, V-volume,

A n-number of moles, R-ideal gas constant, T-absolute temperature) the
L 3 percentage change in volume at 160°F was approximately 16.5%, and

the gas contraction at -65°F was approximately 25.5%. Thus, a

pressure relief valve is not required in a flexible container to
. accommodate volumetric change for temperature fluctuations from
ull 160°F to -65°F,
o
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FIGURE 13. CONTAINER INSTALLED, ENGINE
ASSEMBLY SUPPORTED BY HOILSI
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FIGURE 14. F-10C CONTAINER/ENGINE ASSEMBLY
MOUNTED ON 4-WHEEL TRALLER

32

i i e i il

e

R o
SE
il




%;
Y s S =
/ Aﬁl -_’-\.S'{'”.llu\:' }-Ntli N AT ‘\“ '
- v !:;yl “'”-N(;:‘.':S !-“' “ . CO
M X [N u 3 . L -
5 ENGINE soppnpgs

-

. FIGURE 15. CLOSE-UP VIEW OF THE CLOSURE

3 f DEVICE WITH SNAP FASTENER

TOR 1RO
2 RSN

P

i

%

”: L4 ‘
g
-
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FIGURE 17.

CRACKING AT THE CORNER OF THE
FOLDS OF THE CONTAINER




To evaluate the opening of the closure device under internal air 1
pressure a closed flexible container was subjected to an increase of f
ailr pressure until the closure device opened. The air pressure was
measured with a water manometer. The closure opened at 6 to 8" of g
water, This demonstrates that if the closure is not opened before
flight, as required, and decompression occurs, the container closure
will open relieving the internal air pressure,

Twelve prototpye containers were shipped to Pratt & Whitney Air-
craft Corporation, Hartford, Connecticut for field test and evalua-
tion, The containers will be assembled to the F-100 engines and
shipped to McDonnell-Douglas Aircraft Co., St. Louis, Missouri. The
containers will be returned to Pratt & Whitney Aircraft Corporation
for additional shipments. Two of the containers will be tested for
one year protection period outdoors at Eglin AFB, Florida. The
remainder of the containers will be used for laboratory evaluations.

CONCLUSIONS

The purpose of this project, to improve barrier materials for
the construction of flexible aircraft engine containers, has been
accomplished. Flexible engine containers manufactured from Global
Chemical Systems Corporation barrier material number 4051 (polyure-
thane/Saran) and with Global's extruded polyurethane closure (PTPT
Report No, 76-37) are strong, tough, light weight, resistant to
petroleum products and synthetic lubricating fluids, resistant to
sunlight, and abrasion., By relating the water vapor transmission
rates to previous tested containers, the tests results indicate that
the newly developed containers will provide a storage life of one
year without redesiccation in a Florida environment.

With the newly developed closure device (Report No. PTPT 76-37)
the containers are easily installed and removed from aircraft engines,

The First Article function and fit test was satisfactory, and
indicated that in field use the container will perform excellently.

A pressure relief valve 1s not required in a flexible engine
container to accommodate volumetric change for temperature conditions
at 160°F and -65°F,

The clesure device will open at a water manometer reading of 6
to 8", This demonstrates that if the closure is not opened before
flight, as required, and decompression occurs, the container closure
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will open relieving the internal ailr pressure.

RECOMMENDATIONS

It is recommended that field tests and evaluations be conducted
on the Global Chemical Systems Incorporated flexible containers
manufactured with Global barrier material number 4051 and extruded
polyurethane standup closure device, The field tests should include
trangsportation and storage from Pratt & Whitney Aircraft Corporation,
Hartford, Connecticut to McDonnell-Douglas Aircraft Co., St. Louis,
Missourl and to other selected Air Force bases,

Requirements for flexible containers in MIL-C-9959 should be
revised to specify the improved characteristics of the newly
developed flexible container. The specification ghould also require
that each flexible container shall be folded and packed in a exterior
shipping container with all sharp edges and protrusions guch as
valves, and snap fasteners cushioned to prevent damage.

A program should be considered for extending the use of flexible
containers for the environmental protection of other military items
such as missiles and electronic equipment. The program should
encompass the use of flexible containers for eliminating the need
for a more expensive overpack such as water vaporproof metal or
plastic containers, and the substitution of cheaper metal, plastic,
or plastic foam containers which are not water vaporproof.
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APPENDIX

WATER VAPOR TRANSMISSION RATE (WVTR) TEST
(Specified Test Period)
FOR FLEXIBLE CONTAINERS
(Variable Diffusion Rate)

1. SCOPE

1.1 This method was established for determining the water vapor
transmission rate of flexible contalners using variable (nonconstant)
diffusion rates and specific protection periods. The method 1is
applicable to sclected barrier matcrials and closure devices
fabricated to a one cublc foot volume and six square feet arca
cylindrical container. It provides a range of conditions of
temperature and relative humidity to simulate atmospheric conditions
which the flexible containers might encounter in service. With
selected amounts of desiccant, the method can be used to determine
specified protection periods or the protective storage life of the
container. The diffusion rate is not held constant as in the
absolute WVIR procedures (Federal Test Method Std No. 101B, Method
3030), but the diffusion rate is varied by the condition of the
relative humidity varying from approximately 5 to 407 inside the
container. This varying parameter more accurately represents field
conditions, and should better evaluate storage life.

2. DEFINITION

2.1 Water vapor permeability (that is, water vapor transmission rate,
WVIR) is defined for this method as the weight of water vapor trans-
mitted through a given area of the test material in a given time,

when the test material is maintained at a constant temperature and
when one surface is exposed to very low but varying relative humidity
and the other surface to a high constant relative humidity.

2.2 The Specific Protection Period of a container is defined as the
minimum duration period (time) to reach 40% RH/72°F from a 5% RH/72°F
environment inside the container when exposed to a selected test

environment (% RH/°F). Selected amount of desiccant (MIL-D-3464) is
used to extend the minimum duration period.

3. APPARATUS

3.1 The general apparatus shall consist of:
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3.1.1 A test chamber or chambers capable of maintaining the environ-
ment at which the product is to be tested. The test chamber shall be
provided with a suitable means for supporting each test assembly so
as to afford free access of the conditioned air to the exterior
surfaces of all specimens.

3.1.2 A test fixture built according to Figure 1. The cylindrical
specimen 1s mounted on the test fixture by two clamping devices at
the ends of the fixture.

3.1.3 Desiccant, MIL-D-3464.

3.1.4 An apparatus for determining the temperature and relative
humidity of the environment inside the flexible container. (The
apparatus used for this test was a Foxboro Dewcel, Foxboro, Co.,
and a Honeywell temperature and relative humidity measuring system,
Honeywell Process Control Division.) The apparatus consists of
temperature and dew cel/humidity sensing probes with necessary
attachments to an indicator/recorder. Figure 2 shows the assembled
test apparatus.

4. SPECIMENS

4.1 A specimen shall be a representative quantity of the flexible
containers under test. A sufficient number of specimens shall be
tested as necessary to adequately represent the material.

4.2 Each specimen shall consists of 8" + 1/4" diameter cylinder,
36" in length. A closure device representative of the subject flex-
ible container shall be built into the specimen parallel to its
length. The length of the closure device shall be 24 + 1/4 inches.
The closure device shall be attached to the specimen with the same
manufacturing process that is used in making the flexible container.

5. CONDITIONING

5.1 Unless otherwise specified, the specimens need not be conditioned
prior to assembly.

6. PROCEDURE

6.1 Unless otherwise specified, the test environment shall be one
or more of the following combinations of relative humidity and
temperature, depending oa the end use of the flexible container:
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FIGURE 2 ASSEMLLED I'EST APPARATUS




(1) 120° + 2°F, 90 to 95 percent relative humidity. ;

(2) 100° + 2°F, 90 to 95 percent relative humidity.

(3) 80° + 2°F, 80 + 2 percent relative humidity.

(4) 73° + 2°F, 50 + 2 percent relative humidity.
6.2 The specimen shall be installed on the test fixture making sure
of no leakage. A halogen leak detector or the equivalent may be used
to determine any leakage.

6.3 Start up apparatus to determine temperature and relative humidity
according to manufactures instructions. Install desiccant into
desiccant holders and condition the specimen at the above selected
environment (6.1) for a minimum of 24 hours. The relative humidity
ingide the container should be allowed to stabilize at 57 or lower
relative humidity.

6.4 Remove the desiccant.

6.5 When WVIR test is being conducted, place apparatus immediately
into the selected relative humidity and temperature test environment
chamber,

6.6 When Specific Protection Period test is being conducted, place
selected amount of desiccant into desiccant holder of the test
apparatus. Place assembled test apparatus into the selected
relative humidity and temperature environmental chamber for the
specified test period.

6.7 Remove test apparatus from test chamber when relative humidity
of the environment inside the test container reaches 40% RH/72°F or
the equivalent.

6.8 Record the times and dates at the start and the end of each of
the tests.

7. REPORT

7.1 Following the completion of the test, a report shall be written
which shall include:

7.1.1 A statement that the test was conducted in compliance with
Evj this procedure or a description of the deviation from it. Report all

41

- ﬂu\ e

e i s i ek




options selected as permitted in Paragraph 6.1, 6.5 and 6.6.

7.1.2 A description of the material tested including the chemical
composition, description of the closure, and the average, minimum,
and maximum thickness of the sheet on which the test was performed.
Refer to any preceding tests or treatment of the specimens.

7.1.3 The temperature and relative humidity of the test environment
and the temperature and relative humidity inside the container at the
start and at the end of the test period shall be recorded.

7.1.4 The average water vapor transmission rate expressed as grams
per 100 square inches per 24 hours shall be calculated as follows:

General Calculation:

WVIR = Grams per Vol at final minus Grams per Vol at start (Vol) (100)
Area

Specific Calculation:

WVIR = [(A final) (B final) - (A start) (B start)] [0.028317m3] (100)
864

AgB, - AiBi] [.028317]24 (grams per 100 sq in per 24 hrs)
8.64 T

A = (Grams of Water per cubic meter at Saturation (Langes Hdbk of
Chemistry)

B = Decimal Equivalent of Percent of Relative Humidity

T = Test Period - Hours

One Cubic Foot = 0.028317 Cubic Meters

Six Square Feet = B64 square inches

7.1.5 The specific Protection Period test result shall be expressed
as Passed or Failed in the selected minimum duration period.
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